Some fungal proteolytic enzymes have been produced from submerged cultures in industrial or pilot-plant scale: the acid-type protease of black Aspergillus species such as A. saitoi and A. usamii (5) , the acid-type protease of Trametes sanguinea (13) , the alkaline-type protease of the phycomycete Mortierella renispora (14) , three proteases of A. oryzae (2) , and others. In previous studies (9) , protease production by Alternaria tenuissima in the laboratory scale (shake flasks) appeared so attractive that studies were continued on a larger scale in steel fermentors. This was done in the present study to investigate some of the factors that influence the enzyme secretion by this fungus and also to secure an appropriate process for protease supply for studies on the major proteolytic enzyme, which has a maximal caseolytic activity in the region of pH 8 to 10.
MATERIALS AND METHODS
Pilot plant. The pilot plant has been previously used for various microbial processes, e.g., in studies on utilization of agricultural wastes (7, 12) and for production of steroid-induced enzymes (3) and pdiphenoloxidase (G. Fahraeus, in preparation). The fermentation equipment used consists of eight 10-liter fermentors and one 100-liter fermentor. The 10-liter fermentors have been described previously (11) . They were used for 6-liter culture. The 100-liter fermentor, the main parts of which were supplied by Getingeverken, Getinge, Sweden, is shown in Fig. 1 . It is normally used for 60-liter culture. It is designed and equipped principally like the smaller ones in order to allow a close translation to the larger scale. The jacketed fermentor is made of stainless steel, with a height of about 800 mm and an inner diameter of 410 mm. The container can be lolwered from the lid, which is fixed to the wall. The entire equipment of the fermentor is connected to the lid. This includes the axis for agitation at various agitation rates with a 1.4-hp motor, illumination and viewing windows, and an assembly for pH, temperature, and antifoam control. Seven ports are designed for aeration, inoculation, sampling, and inlet of antifoam, acid, and alkali. Air from two pressure blowers (Fabriks A.-B. Osmund, Uppsala, Sweden), each with a capacity of 150 liters per min, is sterilized by passing jacketed stainless-steel filters with glass wool and fed through two tubes fixed to the lid and ending with half-circular ring spargers just under the impeller. These air tubes are connected with two steel rings bearing the three (50 by 600 mm) baffles. The fermentor is sterilized by passing steam at 110 C through the air inlets for the necessary time. The recording and control units, as well as equipment for air and steam supply, are so constructed as to be able to serve the similarly designed 1,200-liter fermentor of the pilot plant.
Cultivation. The medium normally used was that selected in the shake-flask studies (9) , which contained (grams per liter): liver (Difco), 4 Assay. Samples (10 ml) were withdrawn from the fermentors at intervals for assay and were filtered by drawing the culture fluid into a pipette, the tip of which was wrapped with a bit of cotton wool.
Protease was estimated as caseolytic activity at pH 9.5 by a modification of Anson's procedure as previously described (8) . Absorbance at 660 mp, after reaction with phenol reagent (E. Merck AG, Darmstadt, Germany), was in this study determined in a Spectronic-20 colorimeter (Bausch & Lomb, Inc., Rochester, N.Y.) after 10 min of developing. The results are expressed as enzyme units (EU), 1 unit being defined as that amount of enzyme which liberated split products equivalent to -1 meq of tyrosine per min, under the conditions specified.
Glucose was estimated according to HagedomJensen (Handbook of Chemistry and Physics, 32nd ed., p. 1524) and nitrogen by the micro-Kjeldahl method. The pH values of the cultures were automatically recorded and in stated cases controlled by a Speedomax recorder (model S, type G, Leeds & Northrup Co., Philadelphia, Pa., with a special controller design) by addition of 0.5 M NaOH or HCl. The standard error, m, was calculated according to the formula m2 = S(x -x)2/n(n -1).
Microscopy. Samples from the cultures were photographed with a Zeiss Photomicroscope and Adox KB14 film. RESULTS Effect of light on inoculation culture. For propagation of the organism from the air-dried culture to a culture suitable for inoculation of the fermentors, illumination at the agar-slant step appeared important. Incubation in the dark resulted in a white mycelium with no conidia. However, when the bottles with the slants were exposed to light during incubation, the culture became green to black and formed abundant conidia (Fig. 2) . Figure 3 shows the result of such cultivation. After various incubation times, the culture was suspended. Plate counts were made after 2 days of incubation at 24 C, with 0.1 ml of suspension distributed on the surface of the same agar in a 9-cm petri dish. Each point of the diagram in Fig.  3 Fig. 4 , this phase correspond proximately to the growth phase of the fung reflected in the glucose utilization in the solu co This was also observed visually, though a precise measure of the mycelium growth could not be obtained in this medium originally containing suspended liver and calcium carbonate. The main net utilization of dissolved nitrogen by the fungus occurred, however, earlier in the process, after which the nitrogen of the solution was constant as determined by the Kjeldahl method. The pH generally decreased slowly during the process, if <2 no external pH control was applied.
Examples of the microscopic appearance of the mold from one of the cultures in Fig. 4 Effect ofpH. When the pH of the culture was allowed to vary freely, a steady, slow decrease from pH 7 .0 to about 6.3 occurred during the process, with occasional exceptions during the early period of incubation when a small increase sometimes was seen (Fig. 4) . The effect ofpH was studied in 6-liter cultures kept at constant pH values throughout the process by automatic addition of hydrochloric acid or sodium hydroxide. Figure 7 shows the results from these fermentors up to a process time of 50 hr, at which time the main part of the protease production was completed. These results suggest an optimal pH for protease production of 6 standard error of the mean is about ±10%. Productivity was calculated as the net increase of protease during a phase (10 to 20 hr) of a culture at each temperature at which this increase was maximal for the culture. The maximal protease yield had less meaning, as the proteolytic activity of the cultures at the two lowest temperatures still were increasing after 70 hr of incubation. The maximal yield in 50 and 70 hr, however, gave the same result as the productivity, about 28 C.
Use of agricultural by-products and translation to 60-liter scale. Before the translation of the protease production process to 60-liter scale, some less-expensive agricultural products and byproducts were studied as substitutes for liver as a medium component. Previously (9), a milk medium in shake flasks resulted in almost as high a protease yield as did the liver medium, although the enzyme was more rapidly inactivated. In the 10-liter fermentors, however, the excessive foaming demanded a relatively large amount of antifoam addition (4 g per liter) to a medium in which the liver had been replaced by 7.5 g of skim-milk powder per liter. In this culture, the protease ac- tivity was low, maximally 0.1 EU per liter. Less than 0.1 EU per liter was obtained from a medium in which the liver was replaced by 4.5 g of meat scrap per liter. In this culture, however, the suspended meat scrap tended to stick to the air sparger, thus reducing the air flow. The best result with substitutes tested was obtained with suspended rapeseed oil meal (7.5 (Fig. 4) .
DISCUSSION
In a monograph by Joly (6) used in this study, the illumination effect on the formation of conidia was drastic and had to be considered to obtain submerged growth suitable for subsequent propagation. The shape of the conidia seems to coincide with drawings by Neergaard (10) and Joly (6) . The time used for the main process in the fermentors, about 60 hr, is approximately the same as used for production of protease from black Aspergillus species (5) and from Mortierella renispora (14) , but is less than half of that reported for Trametes sanguinea (13) and Aspergillus fumigatus (8) . Glucose utilization is relatively limited, and the concentration of glucose in the medium may be restricted without considerable decrease of activity, as judged from previous shake-flask experiments (9) . The simple picture of the nitrogen content in the culture solution, showing a decrease only in the early part of the process, may be the complex result of nitrogen utilization on one hand and enzymatic digestion of the suspended liver plus enzyme secretion on the other. Course of production and microscopic appearance suggest that the protease secretion to a large extent parallels growth and is not associated with general autolysis of mycelium.
Like most other submerged processes, protease production by A. tenuissima appeared to be very dependent on a suitable aeration rate. Excessive aeration rates resulted in lower protease yields. Optimal pH for production, 6 .3 to 7.0, was lower than that for enzyme activity. The temperature was also of considerable importance for the productivity of the process.
The activity of the culture solution at harvest corresponds to about 0. 
